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Abstract
Purpose – The primary purpose of this study is to assess the factors that influence households’ choice of
cooking fuel in Bauchi State, Nigeria.
Design/methodology/approach – In total, 750 samples were selected using multistage area cluster
sampling, of which 539 responses were analysed. Multinomial logit model was used to estimate the factors
that determine a household’s main cooking fuel choice in Bauchi State, Nigeria.
Findings – The result has shown that income, location, price of firewood, hours of electricity supply and
home ownership are among the factors that have a significant impact on influencing the type of cooking fuel
to be adopted by households.
Research limitations/implications – The study cannot offer any explanation about the influence of
time dimension on the pattern of household cooking fuel choice in the study area.
Practical implications – Implementation of policies to increase the income of households, ensuring the
availability of clean cooking fuel source and the increase in the price of firewood will encourage households to
switch from using firewood to using cleaner fuel sources such as kerosene, electricity and gas.
Originality/value – This study has contributed to the existing literature on household energy choice by
conducting a micro-level analysis of households’ cooking fuel choice in Bauchi State where a similar study has
not been conducted. The study developed approximately 13 hypotheses (out of which two were found to be
irrelevant) and added one new variable to test the impact of the neighbourhood’s source of cooking fuel on
households’ cooking fuel choice.
Keywords Choice, Energy sector, Multinomial logit, Residential, Households, Fossil fuel,
Environmental damages, Cooking, Fuel, Solid fuels
Paper type Research paper
1. Introduction
Firewood has been, over the years, used widely as a major source of cooking fuel in many
households in Bauchi State, Nigeria. Bauchi State is one of the most populous states in
Nigeria, with households here using firewood at a higher rate. The average rate of using
clean fuel in Bauchi State is considerably lower than the national average rate. More than 95
per cent of households in Bauchi State use wood as fuel for cooking purpose, a rate that is
The authors are grateful to the associate editor, IJESM and anonymous reviewers for improving the
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considerably higher than the urban national average rate of about 36 per cent and the entire
national average of about 70 per cent (NBS, 2012). On average, the amount of firewood,
which is mainly sourced from forest reserves, farmlands of acquaintances or purchased
from the market, used per household in Bauchi State is more than 600 kg/month (Akpan
et al., 2010).
However, wood used for cooking purpose is not environmentally friendly. It has a
negative effect on the atmosphere and consequently people’s lives (Nlom and Karimov,
2014). Apart from the effects of soil erosion, desertification and deforestation, using
firewood that has poor thermal efficiency and gives rise to smoke on burning, is harmful
to human health, especially to the women who in general are responsible for cooking in
homes, as well as children (ECN, 2003). Furthermore, empirical studies confirmed that
there exists a strong relationship between the use of biomass fuels and lung cancer
(Hong, 1991). To eliminate the aforementioned problems, households should avoid using
firewood and other traditional source of fuel and use clean sources of fuel. Another
motivating factor for conducting this study is that there are inconsistencies as per the
findings of previous studies on the factors influencing household cooking fuel choice. For
instance, while some studies (Danlami et al., 2017b) used time-series data to analyse the
relationship between energy consumption and environment which does not reflect
individual household characteristics, other studies used micro-level data to analyse
households’ energy consumption behaviour (Ding and Niu, 2017). Such studies reached
different conclusions. For instance, some studies (Oyekale et al., 2012; Lee, 2013) found
that income has a positive significant relationship with households’ use of firewood. On
the other hand, some studies (Onoja, 2012; Song et al., 2012) found this relationship to be
negative. While, Couture et al. (2012) and Jingchao and Kotani (2011) concluded that there
is no significant relationship between income and household firewood consumption.
Additionally, variables like age and level of education of the household head, occupation,
household size and the dwelling size were concluded to be positively related to the use of
firewood in households (Nnaji et al., 2012 and Onoja, 2012. On the contrary, Song et al.
(2012) and Heltberg (2005) found these relationships to be negative. Additionally, some
studies such as those of Jumbe and Angelsen (2010) and Laureti and Secondi (2012)
concluded that there is no significant relationship between these variables and the use of
wood as a source of fuel among households. That is why Danlami et al. (2015) argued that
the results and findings the studies on households’ use of cooking fuel conducted in one
area cannot be generalised to other areas owing to heterogeneity in the patterns and
styles of consumption of energy for households from one area to another.
Furthermore, previous studies (Kowsari and Zerriffi, 2011; Niemeyer, 2010) have argued
that the understanding of the patterns of the use of cooking fuel by households is very
limited, especially in the context of rural regions of the developing world and therefore
suggested the need for more region-specific energy studies to understand other factors that
influence energy choice at the household level. Similarly, Danlami et al. (2017a), in their pilot
analysis of cooking fuel choice in Bauchi State, concluded that a study to analyse the
determinants of household cooking fuel choice in Bauchi State is feasible, worth conducting
and may likely discover a valid conclusion that may benefit the people of Bauchi State,
Nigeria, in particular. Hence, this study analyses the determinants of cooking fuel choice
among households in Bauchi State, Nigeria.
2. Literature review and conceptual framework
This section reviews the literature on the factors that influence the level of household






































related to the choice of households’ fuel consumption. The extent and dimension of how
these factors influence household’s use of fuel source vary from area to area and from one
type of fuel source to another.
2.1 Economic factors
Economic factors constitute measures of economic status of households, such as households’
income, occupation, home ownership, car ownership, fuel cost and the prices of the energy
use technology, which can influence the households’ decision on cooking fuel choice. For
instance, studies have established that there is a positive relationship between income level
and use of clean fuel (Danlami et al., 2017a, 2017c; Mensah and Adu, 2013; Couture et al.,
2012). Poorer households, especially in developing countries, tend to adopt firewood and
other un-clean fuel sources, whereas wealthier households adopt fuel from cleaner sources
such as electricity and gas.
A relationship also exists between the occupation of the household head and the nature
of the fuel source to be adopted by the household. Empirical studies conducted by Eakins
(2013), Özcan et al. (2013) and Heltberg (2005) proved that people in white-collar jobs adopt
cleaner fuel, while those in blue-collar jobs adopt firewood and other traditional fuels. Home
ownership also affects the decision of the household regarding the type of fuel sources to
adopt. Those who live in their own house tend to adopt cleaner fuel sources as established
by previous studies (Couture et al., 2012; Laureti and Secondi, 2012). Also fuel price has a
negative relationship with fuel choice. When a particular fuel source is priced high,
households switch to other alternative fuel available; this has been established by previous
studies (Nlom and Karimov, 2014; Lee, 2013; Osiolo, 2010).
2.2 Socio-demographic factors of households
Socio-demographic factors of households, such as marital status, gender, level of education
and age of the household’s head, gender composition in the household (female/male ratio),
and size of the household, influence their fuel-switching behaviour. Danlami et al. (2017a) and
Mensah and Adu (2013) found that households adopt cleaner fuel when the head of the
household is a female. The age of the household head was found to be negatively related to
the use of clean fuel (Nlom and Karimov, 2014; Suliman, 2010). On the other hand, Danlami
et al. (2017c) found this relationship to be positive. Furthermore, the education level of the
household head has a positive relationship with the use of clean fuel. The higher educated
the household head is, the more he realises the negative impact of un-clean fuel and therefore
the less inclined he is to adopt it (Eakins, 2013; Heltberg, 2005). As the ratio of female to male
members of households increases, the households adopt less clean fuel (Suliman, 2010;
Heltberg, 2005). The number of a household’s members (i.e. household size) also affects the
household’s fuel choice; the larger the size of a household, the less inclined they are to adopt
clean fuel (Danlami et al., 2017a; Özcan et al., 2013; Laureti and Secondi, 2012).
2.3 Home characteristics
The characteristics of the building or area in which people live, such as location of the house,
nature of the house, size of the residence, number of rooms in the house, share of dwellings
and period when the home was built, influence households’ fuel choice behaviour.
Households located in urban areas adopt cleaner fuel as opposed to those residing in rural
areas, as shown by previous studies (Danlami et al., 2017c; Eakins, 2013; Özcan et al., 2013).
Additionally, Laureti and Secondi (2012) found that living in a detached house has a positive
relationship with the use of gas, electricity and liquid fuel. Furthermore, Couture et al. (2012)







































households using wood as fuel for cooking purposes. Furthermore, Danlami et al. (2017a),
Eakins, 2013) and Heltberg (2005) found that the number of rooms have a positive and
significant relationship with the household use of modern sources of fuel for cooking. In the
same vein, Couture et al. (2012) found that share of dwellings has a positive relationship with
the use of clean fuel.
2.4 Other exogenous factors
Exogenous factors are factors that lie outside the domain of households, such as physical
environment, energy policies and regulations and fuel availability, but have an effect on the
households’ fuel choice. Physical environment, such as the extent of the development and
the organisation of the fuel market, weather conditions and the specific country context, also
influences households’ fuel choice behaviour. Furthermore, the level of urbanisation has a
positive impact on the use of clean fuel sources (Risseeuw, 2012). Moreover, the availability
of a particular fuel source can affect a household’s fuel choice behaviour. Households often
choose a fuel source that is cheaper and easier to acquire for consumption purposes.
Empirically, Mensah and Adu (2013) found a positive association between households’ fuel
choice and availability of the required fuel. Lastly, Danlami et al. (2017c) found that
households use electricity as their main source of energy if it is the predominant source of
fuel used in the neighbourhood. Therefore, based on the reviewed literature, the conceptual
frame for the determinants of household fuel choice is shown in Figure 1.
Figure 1 shows how the fuel choice decision is affected by both non-economic and
economic factors. Economic factors consist of household income, market price of fuel and
household expenditure. Non-economic factors are household characteristics which include
gender, home ownership, education, household size, location of residence, type of dwelling
and the distance to fuel source. The result and the repercussion of this behaviour are
reflected by means of improvement in health conditions and a reduction in pollution when
clean fuel sources (kerosene, electricity and gas) are chosen, leading to the public welfare
improvement. On the contrary, when non-clean fuel (firewood) is used, health is










































































2.5 Theoretical framework: the random utility theory
The utility theory of consumption has its roots in the thoughts of early twentieth-century
economists such as Alfred Marshal and Hicks (Albarran, 2010). Utility refers to the
satisfaction, pleasure and/or benefits derived from the consumption or use of a particular
product or service. According to the utility theory, given a household’s budget constraints,
the household consumes commodities that maximise its utility. Consumers are assumed to be
rational and have preferences that are consistent, and invariants that are known and ordered.
The following function represents a typical utility function of a household:
U ¼ u S E; CSð Þ;X;D;Gð Þ (1)
where:
S = the composite energy commodity;
E = the relevant fuel source such as; wood, kerosene, electricity, gas, petroleum and diesel;
CS = the capital stock energy use of appliances; and
X = the purchased goods that directly yield satisfaction.
D and G are demographical and geographical features, respectively, of households that
influence the households’ preferences. Many previous studies on households’ energy choice
such as Jumbe and Angelsen (2010), Suliman (2010), Louw et al. (2008) and Wilson and
Dowlatabadi (2007) have based this theory as a framework of their analysis.
Given the households’ budget function:
Y ¼ P1X1 þ P2X2 þ . . .þ PnXn (2)
where: Y is the households’ given income.
P1, P2. . . . . . . . . . . .Pn, are the various prices of the relevant commodities.
X1, X2, . . ., Xn are the quantities of commodities to be consumed.
However, by concentrating on only households’ energy consumption and choice, the
modified households’ utility function and the corresponding budget constraints can be
expressed as:
U ¼ u ES E1;E2; . . . . . . . . .En;CSð ÞD;Gð Þ (3)
St Y # P1E1 þ P2E2 . . . . . . . . . :þ PnEn (4)
where: U, D, CS and G are as known before.
ES = expressed composite energy consumption function;
E1 = energy source from Option 1;
E2 = energy source from Option 2; and
En = energy source from Option n.
To maximise households’ utility from energy consumption, the following Langrangian
multiplier function is assumed as follows:
L ¼ U ES E1;E2; . . . . . . . . .Cn;Csð ÞD;Gð Þ þ l Y  P1E1  P2E2 . . . . . . . . .PnEnð Þ (5)
The first-order condition for utility maximisation from the Lagrangian function perspective










































¼ U 01  lP1 ¼ 0 (6)
Equation (6) is the partial derivative of equation (5) with respect to energy Source 1 (E1):
@L
@E2
¼ U 02  lP2 ¼ 0 (7)
Equation (7) is the partial derivative of equation (5) with respect to energy Source 2 (E2):
@L
@En
¼ U 0n  lPn ¼ 0 (8)
Equation (8) is the partial derivative of equation (5) with respect to energy Source n (En).
Therefore, as there are more than two energy choice categories (E1, E2 and En), a
multinomial logit model (MNLM) can be used to examine and estimate the determinants of
the households’ fuel choice:
Prob Yij




  ¼ f Z1Z2Z3 . . . Znð Þ (9)
where:
j = 1, 2, . . .m, i.e. the various energy source options; and
Z1. . .n= the various independent variables.
All things being equal, households tend to choose various energy sources available that best
maximise their utility.
3. Methodology
This section explains the sample size and technique, sources of data and the model
specification for the study.
3.1 Sources of data
In this study, primary data related to the socio-demographic features, dwelling
characteristics and information on the pattern of households’ energy consumption were
obtained using a questionnaire from a survey conducted on the selected households in
Bauchi State, Nigeria. This research adopted the questionnaire method because it is more
practical and economical than most other data collection techniques. Moreover, information
can be solicited easily from many respondents within a short period of time (Kumar, 2011;
Kothari, 2004).
3.2 Sample size
The sample size used this study is based on Dillman (2011). According to Dillman (2011), the






































S ¼ NP 1 Pð Þ
B C= Þ2 N  1ð Þ þ P 1 Pð Þ
 (10)
where:
S = required sample size;
N = the population size (=769,960);
P = the population proportion expected to answer in a particular way (the most
conservative proportion is 0.50);
B = the degree of accuracy expressed as a proportion (0.05); and
C = the Z statistic value based on the confidence level (in this case, 1.96 is chosen for the
95 per cent confidence level).
Therefore, the sample size can be determined as:
S ¼ 769; 960 0:5ð Þ 1 0:5ð Þ






This determined sample size corresponds to what is contained in the sample size table by
Dillman (2011) for a population size of 1,000,000,000. Previous studies (Danlami et al., 2016)
have used this formula for determining the sample size.
3.3 Sampling technique
For the purpose of this study, cluster area sampling method was adopted. Area sampling is
usually adopted where the research focuses on the population within a specific geographical
area like a country, a state or city blocks (Sekaran, 2003). In the first stage, the entire study
area was divided into three clusters based on the geo-political zonal categorisation of the
state. In the second stage, two clusters were selected randomly out of the three clusters. In
the third stage, these two clusters were further categorised into two sub-clusters: urban and
rural. Then a total of 10 wards were randomly selected from the urban areas, while a total of
13 wards were selected randomly from the rural areas. This gives a total of 23 selected
wards, which are used as the sampling wards. In the fourth stage, six communities were
selected randomly from each of the selected wards of urban areas which made a total of 60
communities from the urban areas. On the other hand, another six communities were
randomly selected from each of the selected wards of the rural areas, making a total of 78
communities used from the rural areas. This gives a total of 138 sampled communities used
in the study. In the last stage, six households were systematically chosen from each of the
selected communities of the urban areas, making a total of 360 (i.e. 60  6) households
selected from the urban areas. On the other hand, five households were selected
systematically from each of the selected communities of the rural areas, making a total of
390 (i.e. 78  5) households selected from the rural areas. Although finally, a total of 548
households participated in the study.
3.4 Specification of the empirical multinomial logit model
Because households have more than two alternatives, the MNLM was used for the analysis.







































fuel choices are selected from among a set of independents and differentiated cooking fuel
sources. In the case of Bauchi State, the major cooking fuel alternatives available are firewood,
kerosene, electricity and gas. The assumption is that a household selects a particular source of
energy in such a way as to maximise its satisfaction. This fuel choice is influenced by socio-
economic and other related factors.Where a householdmakes a choice j at a time, thenY *ij is the
maximum utilised option among the four fuel sources. The observed energy category is defined
as a vector Yi ¼ Yi j½ 
 
of three dummy categories. The possibility that j falls in i’s choice set is
P(Y*> 0). This fuel preference probability can be expressed in equation (13):





  ¼ a0 þ b 1GNDi þ b 2AGEi þ b 3HHSi þ b 4LOCi
þ b 5NRMi þ b 6HESi þ b 7PFWi þ b 8NCFi þ b 9HAPi
þ b 10HOSi þ b 11EDUi þ b 12INCi þ b 13DSHRi þ « i
(13)
where: j takes the values 0, 1 or 2. Representing the various fuel source categories, i.e.
firewood, kerosene, electricity/gas.
P(Yi = j) = the probability of choosing one of the fuel sources instead of the based
category variable. The based (referenced) category is firewood;
i = the individual household;
GNDi = gender of the head of household i;
AGEi = age of the head of household i;
HHSi = size of the household i;
LOCi = home location of the household i;
NRMi = number of rooms in the home of household i;
HES = hours of electricity availability per week for household i;
PFWi = unit price of firewood per bundle;
NCFi = similarity with the neighbour’s main fuel source;
HAPi = number of home appliances own by household i;
HOSi = home ownership of household i;
EDUi = years of formal education of the head of household i;
INCi =monthly income of the head of household i; and
DSHRi = Size of the dwelling of the household i.
4. Summary of descriptive statistics of the variables
This section provides information about the descriptive statistics. The major descriptive
statistics are mean, standard deviation, minimum and maximum values (Sekaran, 2003).
The means minimum and maximum values give information on the descriptive nature of
the variables; Table I exhibits the values of the summary statistics.
Table I indicates that a typical family in Bauchi State has an average number of eight
members under a single head. The State receives an average weekly supply of electricity
worth only 27 h; this clearly reflects the nature of inadequate supply of electricity in the area,
which is one of the factors that likely contributes to the high rate of biomass fuel as the main
source of cooking fuel for households. It further shows that the average years of school
experience of the heads of households in the study area is 14 years, representing a schooling
eexperience of up to the Diploma/NCE levels of education. Additionally, the use of an






































among others, is clearly a reflection of the low rate of modern energy use by households in
the study area. Furthermore, Table II indicates the frequency distribution of the socio-
economic characteristics of households in the study area.
Table II shows that the majority of the respondents (87 per cent) are males. This is
because on the basis of the culture of people in the study area, in general, males occupy
the position of the household head. Furthermore, most of the respondents (61 per cent)
are within the age of middle adulthood stage (31-60 years). This is because, on average,
the normal marriageable age for males (who are mostly the family head) begins from 25
years and above. Regarding the family size, most of the respondents (approximately 80
per cent) said that the number of members in a family ranges from 1 to 10. As can be
seen from Table I, the average size of a household is eight (Table I). In addition, the
categories of the education-level attainment show that those who attended school up to
the Diploma/NCE level have the highest rate (35 per cent) followed by those with a
degree certificate (23 per cent). Those who claimed that they did not attend a formal
school at all constitute about 10 per cent of the respondents. Only 8 per cent of the
respondents claimed to have attended school at a postgraduate level. Furthermore,
majority of the respondents (about 57 per cent) claimed that the number of rooms in
their home is within the range of one to five, including bedrooms, sitting rooms and any
other type rooms that are usually found at homes. Finally, regarding the location of the
respondents, 53 per cent said that they live in urban areas, while the remaining 47 per
cent live in rural areas of the State.
5. Results and findings
MNLMwas used to estimate the factors that influence the households’ fuel choice in Bauchi State,
Nigeria. Table III contains the results of the estimated coefficients of the MNLM, while the
estimated marginal effects are presented in Table IV. Furthermore, to examine the validity of the
estimated model, post-estimation tests were conducted, and the results of these tests are shown in
Tables V andVI.
Based on the result of the Wald test for combining outcome categories (Table V), we
reject the null hypothesis of collapsing the various outcome categories of the dependent






(1) (2) (3) (4) (5)
N mean SD min max
Gender (GND) 538 – – 0 1
Age 536 36.43 11.74 23 60
Household size (HHS) 536 7.725 6.040 2 40
Location (LOC) 537 – – 0 1
Number of rooms (NRM) 536 6.515 3.812 2 23
Hrsofelecss (HES) 519 27.30 27.83 0 97
Price of fire wood (PFW) 483 76.67 35.31 30 280
Ncfuel (NCF) 535 – – 0 1
Home appliances (HAP) 535 15.37 13.05 0 57
Home ownership (HOS) 535 – – 0 1








































Characteristics Frequency (%) Cumulative frequencies
Gender
Male 470 87.36 87.36
Female 68 12.64 100
Age
16-30 187 34.89 34.89
31-45 229 42.72 77.61
46-60 97 18.10 95.71
Above 60 23 4.29 100
Household size
1-5 284 52.99 52.99
6-10 140 26.11 79.10
11-15 52 9.71 88.81
15-20 42 7.83 96.64
21 and above 18 3.34 100
Home location
Urban 289 53.82 53.82
Rural 248 46.18 100
Number of rooms
1-5 305 56.90 56.90
6-10 112 20.90 77.80
11-15 106 19.54 97.34
16 and above 13 2.43 100
Hours of electricity supply (weekly)
0 75 14.45 14.45
1-20 265 51.06 65.51
21-40 67 12.91 78.42
41-60 55 10.59 89.01
61 and Above 57 10.98 100
Price of firewood (Bundle)
₦50 and below 220 45.55 45.55
₦51-100 223 46.17 91.72
₦101-150 26 5.38 97.10
₦151-200 11 2.28 99.38
Above ₦200 3 0.62 100
My source of cooking fuel is similar to that of my neighbour
Yes 394 73.64 73.64
No 141 26.36 100
Number of energy use appliances at home
0 10 1.87 1.87
1-10 243 45.42 47.29
11-20 151 28.22 75.51
21-30 54 10.09 85.60












































Similarly, the result of the independence of irrelevant activities (IIA) test is presented in
Table VI.
Based on the result of the IIA test, we do not reject the null hypothesis of meeting the
requirement of the IIA assumption.
5.1 Gender
This variable takes a binary value; 1 for male, 0 otherwise. This variable was found to
be statistically significant at the 10 per cent level. The result shows that, on average,
when other variables are held constant, the household’s multinomial log-odds of using
kerosene instead of firewood are higher by about 0.99 when the head is male. This is
because in the study area, men are far economically stronger than women and can
therefore afford more costly cooking fuel sources. This conforms to the a priori
Characteristics Frequency (%) Cumulative frequencies
Home ownership
Self-owned home 421 78.69 78.69
Non–self-owned home 114 21.31 100
Level of education
Non-formal education 55 10.26 10.26
Primary school 27 5.04 15.30
Secondary 95 17.72 33.02
Diploma/NCE 191 35.63 68.66
BSc/HND 124 23.13 91.79






Kerosene (Electricity and Gas)
1 = 0 2 = 0
GND 0.991* (0.582) 0.342 (0.875)
AGE 0.0355** (0.0151) 0.0156 (0.0219)
EDU 0.0244 (0.0413) 0.187** (0.0729)
HHS 0.0934** (0.0399) 0.129*** (0.0494)
INC 0.00887** (0.00428) 0.0118* (0.00623)
LOC 1.809*** (0.474) 0.173 (0.425)
NRM 0.119** (0.0483) 0.00439 (0.0523)
DSHR 0.228 (0.361) 0.271 (0.398)
HES 0.0180*** (0.00540) 0.0153** (0.00608)
PFW 0.0102*** (0.00390) 0.00478 (0.00763)
NCF 1.128*** (0.374) 1.485*** (0.413)
HAP 0.00479 (0.0107) 0.00779 (0.0179)
HOS 0.675* (0.391) 0.891** (0.435)
Constant 5.622*** (1.057) 4.811*** (1.457)








































expectation and is in line with the findings of other previous studies (Mekonnen and
Köhlin, 2008). Moreover, the estimated discrete effect of this variable indicates that the
probability of a household to adopt kerosene as the main source of cooking fuel is
higher by about 4.4 per cent when the household head is male. This finding supports the
findings of the previous studies (Ogwumike et al., 2014).
5.2 Age
Based on the estimated MNLM coefficients, the age of the household head was found to be
significant at the 5 per cent level; the result has shown that a one-year rise in the age of the
household head increases the multinomial log-odds of using kerosene by about 0.04, when
all other variables are held constant. This is because as time goes on, income level normally
Table VI.
IIA test based on
SUEST method
Categories x 2 test statistic p-value Evidence
Firewood 0.00 1.0000 For H0
Kerosene 0.00 1.0000 For H0
Gas/Electricity 0.00 1.0000 For H0







GND 0.0544 (0.0363) 0.0443** (0.0220) 0.0100 (0.0277)
AGE 0.00263** (0.00129) 0.00213** (0.000924) 0.000500 (0.000864)
EDU 0.00804** (0.00319) 0.00101 (0.00249) 0.00703*** (0.00210)
HHS 0.0100*** (0.00301) 0.00536** (0.00238) 0.00465*** (0.00172)
INC 0.000937** (0.000383) 0.000511* (0.000270) 0.000427* (0.000259)
LOC 0.105*** (0.0365) 0.116*** (0.0326) 0.0114 (0.0169)
NRM 0.00708* (0.00392) 0.00722** (0.00310) 0.000139 (0.00196)
DSHR 0.00447 (0.0281) 0.0150 (0.0233) 0.0105 (0.0146)
HES 0.00159*** (0.000445) 0.00106*** (0.000335) 0.000533* (0.000280)
PFW 0.000428 (0.000355) 0.000636** (0.000249) 0.000208 (0.000299)
NCF 0.158*** (0.0473) 0.0810** (0.0354) 0.0772** (0.0320)
HAP 4.18e06 (0.000968) 0.000312 (0.000636) 0.000308 (0.000695)
HOS 0.0857* (0.0443) 0.0451 (0.0323) 0.0406 (0.0296)





Categories tested x 2 df p> x 2
0-1 69.518 13 0.000
0-2 36.979 13 0.000
1-2 21.290 13 0.067







































increases, enabling the heads of households to afford expensive sources of cooking fuel. This
finding is in line with the a priori expectation and also supports the findings of other
previous studies (Özcan et al., 2013). Similarly, the estimated marginal effect of this variable
shows that a one-year increase in the age of the household head increases the probability of
using kerosene as the main source of cooking fuel by about 0.21 per cent, while it reduces the
probability of using firewood by about 0.26 per cent. This is in line with the findings of
Couture et al. (2012).
5.3 Education
Education level of the household head was found to be statistically significant at the 5 per
cent level. The result shows that a one-year increase in the level of education attainment of
the household head increases the multinomial log-odds of using electricity/gas (compared
with firewood) as the main source of cooking fuel by about 0.19 units. This finding conforms
to the a priori expectation, because when the household head is more educated, he will be
more aware about the negative effects of using biomass cooking fuel. Furthermore, the more
educated the household head is, the more economically stronger the household may be, and
the more the household can afford to use clean, modern sources of cooking fuel, all things
being equal. This corresponds to the findings of Maryam (2011). The estimated marginal
effects of this variable have shown that a one-year more level of education of the household
head increases the household’s probability of using electricity/gas as the main source of
cooking fuel by about 0.7 per cent, all things being equal. On the other hand, one more year
of education attainment by the household head reduces the household’s probability of using
firewood as the main source of cooking fuel by about 0.8 per cent. These findings conform to
the findings of other previous studies (Oyekale et al., 2012; Suliman, 2010).
5.4 Household size
The results have shown that when a family size increase by one individual (other factors
held constant) the multinomial log-odds of using kerosene instead of firewood as the main
source of cooking fuel reduce by about 0.09 units. Likewise, the multinomial log-odds of
using electricity/gas compared with firewood decrease by 0.13 units, all things being equal.
This conforms to the a priori expectation and supports the findings of other previous studies
(Couture et al., 2012; Maryam, 2011). Furthermore, the estimated marginal effects of this
variable show that when the size of the household increases by one individual, the
probability of using firewood as the main source of cooking fuel increases by 1 per cent,
while the probability of using kerosene and electricity/gas as the main sources of cooking
decreases by about 0.54 and 0.47 per cent, respectively. This is because when the number of
family members that depend on a single person with a constant income level increases, the
household head finds it more difficult to afford higher costly modern sources of cooking fuel.
This conforms to the findings of Suliman (2010).
5.5 Income
The results show that a US$0.5 increase in the income of the household head will lead to an
increase in the multinomial log-odds of using kerosene compared with firewood by about 0.9
units, all things being equal. Additionally, a US$0.5 increase in the income will cause an
increase in the multinomial log-odds of using electricity/gas as the main source of cooking
fuel compared with firewood by about 1.2 units. This tallies with the a priori expectation,
that is, as income increases, households switch to using cleaner fuel. This supports the
assertion of both energy ladder hypothesis and the energy stacking model. And also is in







































the estimated marginal effects of this variable have shown that there is a negative
relationship between household income and the probability of using firewood. A US$0.5
increase in income reduces the probability of using firewood by about 9.3 per cent when
other factors are being held constant. On the other hand, a US$0.5 increase in income
increases the probability of using kerosene as the main source of cooking fuel by about 5.1
per cent. Similarly, a US$0.5 increase in income causes the probability of the household
using electricity/gas as the main source of income to increase by about 4.3 per cent, all
things being equal.
5.6 Location
This variable takes a binary value, coded as 1 if the household lives in the urban area, 0
otherwise. The result shows that households in urban areas have a higher multinomial
log-odds of using kerosene compared with firewood than the households in rural areas;
this is because of economic, social, educational and availability reasons. This is in line
with the a priori expectations and supports the findings of other previous studies
(Ogwumike et al., 2014; Hosier and Dowd, 1987). In addition, the estimated discrete effects
of this variable have shown that the households in the urban areas of Bauchi State have a
lower probability of using firewood as the main source of cooking fuel by about 10.5 per
cent compared with the households in rural areas. Meanwhile, the probability of using
kerosene as the main source of cooking fuel by households in the urban areas is about
11.6 per cent higher than households in rural areas. This is because clean cooking fuel
facilities are available in more urban areas than in rural areas. Furthermore, the
households in the urban areas are more economically stronger to afford the cost of using
a modern cooking fuel source than households in rural areas. This finding agrees with the
findings of Suliman (2010).
5.7 Number of rooms
The result has shown that the higher the number of rooms, the lower are the multinomial
log-odds of using kerosene compared with firewood by about 0.12 units. Similarly, the
estimated marginal effects of this variable show that an increase in the number of rooms by
1 unit, increases the probability of using firewood for cooking purposes by about 0.7 per cent
and also reduces the probability of using kerosene as the main source of cooking fuel by
about 0.72 per cent when other factors are held constant. This is mostly because of the
availability of space, because more number of rooms in the home indicates more space
which encourages the use of firewood.
5.8 Hours of electricity supply
This variable represents the number of hours of electricity availability per week. The result
has shown that a 1-h increase in the supply of electricity in a week increases the multinomial
log-odds of using kerosene and electricity/gas by about 0.018 and 0.015 units, respectively.
Furthermore, the estimated marginal effects of this variable indicated that a 1-h increase in
electricity supply in a week decreases the probability of using firewood as the main source
of cooking fuel by about 0.16 per cent, while the use of kerosene or electricity/gas increases
by about 0.11 and 0.05 per cent, respectively, when other variables are held constant.
5.9 Price of firewood
The result of the estimations indicates that a US$0.05 increase in the price of firewood per






































firewood by about 0.11 units. This is consonant with the a priori expectation because
kerosene is a substitute to firewood as a cooking fuel. When the prices of firewood rise,
households switch to using kerosene. This supports the demand theory, and is in line with
the findings of previous studies (Nlom and Karimov, 2014; Oyekale et al., 2012). The marginal
effect of this variable shows that a US$0.05 rise in the price of a firewood bundle leads to an
increase in the probability of using kerosene as the main source of cooking fuel by about 0.64
per cent. This is because kerosene serves as a substitute to firewood.
5.10 Neighbourhood cooking fuel source
This variable represents whether the household maintains the same cooking fuel
standard as immediate neighbours and environment. This variable takes a binary
value: 1 if the household maintains the same source of cooking fuel (i.e. mostly
firewood) with the immediate environment 0 otherwise. The result of the estimation
shows that where the immediate neighbours use firewood, the multinomial log-odds of
using kerosene as the main source of cooking fuel reduce by about 1.13 units. Similarly,
where the immediate neighbour use firewood mostly, the household’s multinomial log-
odds of using gas as the main source of cooking fuel reduce by about 1.46 units, all
things being equal. This finding conforms to the a priori expectation that, in most
cases, the decision of households’ cooking fuel choice is usually influenced by the type
of cooking fuel that is predominantly used in their neighbourhood. This also conforms
to the conclusion of the relative income hypothesis, that the consumption behaviour of
individuals or households is shaped by not only their income but also the consumption
behaviour of the community.
Furthermore, the estimated discrete effects of this variable show that the probability
of using firewood as the main cooking fuel source increases by about 15.8 per cent when
the household adopts the same source of cooking fuel as the majority of the community
(which is firewood). Contrarily, it is negatively related to the probability of using
kerosene as the main source of cooking fuel by about 8.1 per cent lower and also to the
probability of using gas by about 7.7 per cent lower. This means that the community
standard has a great impact on the probability of the type of cooking fuel source used by
households.
5.11 Home ownership
This variable represents whether the home is self-owned. It takes a binary value, i.e. 1 if the
home is self-owned, 0 otherwise. The result indicates that self-owned households have a
higher multinomial log-odds of using kerosene compared with firewood by about 0.68 units
than non–self-owned home. Likewise, the result also indicates that the self-owned homes
have a higher multinomial log-odds of using electricity/gas as the main source of cooking
fuel compared with firewood than non–self-owned home. This is consonant with the a priori
expectation and is supports the findings of previous studies (Couture et al., 2012).
Furthermore, the estimated discrete effects of this variable show that self-owned homes
have a lower probability of using firewood as the main source of cooking fuel by about 8.6
per cent compared with non–self-owned homes.
6. Conclusions and limitation of the study
The main choice of cooking fuel sources remains one of the most important aspects of many
households. Bauchi State, Nigeria, has a higher rate of use of traditional biomass fuel for
cooking and other purposes. This study was able to empirically explore, identify and assess







































household cooking fuel choice in Bauchi State based on the dimensions of cooking fuel
sources available in the state.
This study attempted to make a number of both theoretical and practical
contributions. Based on the a priori knowledge of the study area and the review of the
relevant theories and related empirical studies in other areas, this study was able to
develop and test a total of 13 hypotheses. For instance, the study found that gender, age,
level of education and income of the household head, household size, hours of electricity
supply, location, home size and homeownership, price of firewood per bundle and nature
of main cooking fuel source use by immediate neighbours have (positive or negative)
significant impacts on discouraging households in Bauchi State from using firewood as
the main source of cooking fuel and encouraging the use of cleaner cooking fuel
(kerosene, electricity and gas). Although these hypotheses were developed from the a
priori knowledge, relevant theories and a review of past empirical literature that the
researcher was able to come across, no previous study attempted to test exactly the same
hypotheses. This study has contributed to the existing literature on household energy
choice by conducting a micro-level analysis of households’ cooking fuel choice in Bauchi
State, an area where a similar study has not been conducted.
The attempted practical contributions of this study are that the discovery and findings of
this study have provided a clear picture and information on households’ pattern of use of
cooking fuel in Bauchi State, Nigeria. The results and analysis carried out by this study can
serve as first-hand information to relevant stakeholders. Similarly, other previous studies
(Danlami et al., 2017a; Kowsari and Zerriffi, 2011; Niemeyer, 2010) recommended conducting
more research on the household energy choice, especially micro-based analysis, to better
understand the issue and absorb the heterogeneity nature of households. Hence, considering
such recommendations, this study has contributed to a more empirical exploration in this
area. Lastly, the recommendations offered by this study, based on the empirical findings,
may be useful to the relevant authorities when making and implementing household energy
policies in the study area.
The study recommends that, as increase in income was found to have significant impact
on discouraging households’ use of firewood as the main source of cooking fuel, policies and
programmes aimed at increasing income of individuals should be embarked upon to
discourage the use of firewood, especially considering the fact that Bauchi State is the third
poorest state in Nigeria. Income can be increased via employment generation, wealth
creation, increase in government expenditure, empowering small- and medium-scale
industries and skills development. Furthermore, the study has found that adequate supply
of electricity has a significant impact on the use of electricity for cooking purposes.
Therefore, provision of cheap and adequate electricity supply to households will encourage
many households to use electricity as their main source of cooking fuel, thereby reducing the
rate of firewood use. Additionally, the study found that households in urban areas have a
higher probability and the odds of using modern, clean fuel sources. In line with this finding,
the government should try to turn some rural parts of the State into urban areas, especially
considering the fact that at present, the number of rural communities in the State far
outweighs the number of urban communities. This will encourage increased use of modern,
clean fuel sources.
However, the major limitation of this study is that the study cannot offer any
explanation about the influence of time dimension on the pattern of household cooking
fuel choice and consumption in the study area. Also, this study is limited to analysing
household cooking fuel choice without taking into consideration other dimensions of






































incorporate the influence of the time dimension on the pattern of household cooking fuel
choice is recommended. The overall goal is to encourage households to shift from the use
of less clean energy sources (that jeopardise public health and environment) to the use of
cleaner energy sources.
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